This study was conducted in order to compare the accuracy of detection of oxacillin-resistant staphylococci, defined by microdilution MICs, population analyses, and mec gene hybridization, with the Vitek GPS-SA Susceptibility Card with that of the standard inoculum (107 CFU) and high-inoculum (109 CFU) disk diffusion tests. By the standard inoculum disk diffusion test, 10 of 67 (15%) isolates of oxacillin-resistant Staphylococcus aureus and 3 of 47 (6%) isolates of Staphylococcus epidermidis were falsely susceptible after 24 h of incubation at 35°C. By the high-inoculum disk diffusion test (109 CFU), 4 of the 10 isolates of S. aureus remained falsely susceptible, whereas none of the isolates of S. epidermidis was falsely susceptible. Of the 10 isolates of S. aureus falsely susceptible by the standard disk test, only one remained falsely susceptible after an additional 24 h of incubation at 22°C. All four isolates of S. aureus that were falsely susceptible by the high-inoculum disk diffusion test after 24 h of incubation at 35°C became resistant after an additional 24 h of incubation at 22°C. Thus, extended incubation of both the standard and high-inoculum disk diffusion tests increased their accuracy in detecting oxacillin resistance. All isolates of oxacillin-resistant staphylococci were accurately detected with the Vitek software upgrades (6.1 and 7.1) of the GPS-SA card.
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The accurate detection of methicillin-resistant staphylococci, particularly those expressing heterogeneous resistance, continues to pose a problem for the clinical laboratory. Many variables are known to affect the detection of heterogeneously resistant strains (1) . Variable results have been reported regarding the accuracy of detection of methicillin resistance with commercially available susceptibility testing devices, in part because of (i) variations in the reference methodology used, (ii) changes in software over time, and (iii) poor definition as to the relative distribution of isolates expressing homogeneous and various degrees of heterogeneous resistance.
Prior studies using the Vitek system (bioMerieux Vitek, Inc., Hazelwood, Mo.) have raised concerns over its accuracy in detecting methicillin resistance (3, 5, 6, 10) . The purpose of our study was to test this system with recently upgraded software against a well-characterized population of staphylococci and to compare its accuracy with that of the reference broth microdilution test (8) , the oxacillin agar screen (9) , and the standard inoculum disk diffusion test (7) and the high-inoculum disk diffusion test described by de Lencastre et al. (2) .
MATERIALS AND METHODS
Organisms tested. Sixty seven clinical isolates of Staphylococcus aureus and 47 clinical isolates of Staphylococcus epidermidis were determined to be oxacillin resistant by the standard broth microdilution method (8) , by population analysis (4) , and by the oxacillin agar screen method (9) . In addition, all of the isolates of S. aureus and S. epidermidis were tested and found to be positive for the mec With strain CDC-6, which was a methicillin-resistant, mec-negative strain with modified penicillin-binding proteins (11) , the zone diameter of inhibition was 6 mm by broth disk diffusion techniques. Finally, with ATCC 43300, a mec-positive, heteroresistant strain requiring a Vitek MIC of 4 ,ug of oxacillin per ml, the zone diameters of inhibition after 24 h of incubation were 16 mm by both disk diffusion techniques; however, after an additional period of incubation of the plates for 24 h at 22°C, there was growth in both instances, although it was heavier with the larger inoculum, all the way to the disk margins.
Clinical isolates of oxacillin-resistant staphylococci were defined on the basis of MICs determined by the reference broth microdilution method, the agar screen, the presence of the mec gene, and population analysis studies. All isolates were in addition subjected to testing with the Vitek GPS-SA card and by the standard and high-inoculum disk diffusion tests.
A comparison of the results of tests with clinical isolates by the standard and high-inoculum disk diffusion tests with the results of the reference tests are shown in Table 2 . By the standard disk diffusion test (inoculum size, 107 CFU), 10 of 67 (15%) isolates of oxacillin-resistant S. aureus were falsely susceptible and two were intermediate. All 10 falsely susceptible isolates belonged to heterogeneously resistant expression class 1 or 2. Following additional incubation of these isolates at 22°C, all but two of these isolates became resistant ( Table 2 ). Of the 10 isolates falsely susceptible by the standard disk diffusion test, 2 became resistant, 4 became intermediate, and 4 remained falsely susceptible when tested by the high-inoculum (109 CFU) disk diffusion test. On the basis of these data, complete agreement between the standard disk diffusion test and the reference methods was 83%, whereas complete agreement between the highinoculum disk diffusion test and the reference methods was 93%.
The comparison of the Vitek GPS-SA card and the reference methods with the clinical isolates is shown in Table 3 . Of the 67 isolates of oxacillin-resistant S. aureus, 1 isolate failed to grow in the GPS-SA card, and there were no falsely susceptible isolates in the 4.2, 6.1, and 7.1 software updates of the GPS-SA card. Of 47 isolates of oxacillin-resistant S. epidermidis, there was 1 falsely susceptible isolate with the 4.2 software program; however, all isolates were resistant with the 6.1 and 7.1 software updates. Thus, there was 100% complete agreement between the 6.1 and 7.1 software updates and the reference methods for all staphylococci tested.
DISCUSSION
This study was performed in order to compare the accuracy of detection of oxacillin-resistant staphylococci as defined by microdilution, the agar screen, mec gene analysis and population analyses with the Vitek GPS-SA card and the standard (107 CFU) (7) and high-(109 CFU) (2) inoculum disk diffusion tests. Control strains expressing various levels of heterogeneous resistance required oxacillin MICs of .4 ,ug/ml by both the microdilution and GPS-SA methods.
The control oxacillin-susceptible strains were fully susceptible by both MIC methods, and they exhibited zone diameters in the susceptible range by both the standard and high-inoculum disk diffusion tests. All control strains exhibiting low-level and class 1 for defining oxacillin resistance and therefore has not altered our observations. Although the number of oxacillin-susceptible strains that were subjected to mec gene testing and population analysis in addition to microdilution and Vitek susceptibility testing was small, the problem with older software programs in the Vitek system has always been one of accurate detection of oxacillin resistance and not one of false resistance to oxacillin. More problematic perhaps with any currently available susceptibility testing system, however, is the presence of isolates of staphylococci with either decreased susceptibilities or lowlevel resistance to oxacillin on the basis of either excessive ,B-lactamase production or decreased affinity of oxacillin for normal penicillin-binding proteins. Only two such strains (ATCC 43387 and CDC-6; Table 1 ) were included in our study.
In conclusion, we have confirmed the earlier observations of de Lencastre et al. (2) regarding the frequency of false susceptibility of heteroresistant isolates of staphylococci, particularly among those with expression class 1 or 2 resistance, when tested by the standard disk diffusion test. Most, but not all, of these false-susceptible results were corrected by the high-inoculum test; however, additional incubation at 22°C was required in order to minimize very major errors. We did not experience any difficulty with the current Vitek GPS-SA card.
